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(54) Transmission for a working vehicle and vehicle

(57) A transmission for a working vehicle for trans-
mitting drive power from an engine to a driving axle that
includes: a flywheel (60) including a flywheel body (65)
operatively connected with the engine and a flywheel
housing (61) for accommodating the flywheel body; a
main-speed-change unit (30) including a main-input
shaft operatively connected with the engine via the fly-
wheel body and a main-output shaft for outputting drive
power to be transmitted to the driving axle; and a sub-

speed-change unit (40) including a sub-input shaft and
a sub-output shaft, and disposed with a distance from
the main-speed-change unit. The engine, the flywheel
and the main-speed-change unit are integrally connect-
ed with each other so as to vibrate freely relative to a
vehicle frame, and the main-output shaft of the main-
speed-change unit is operatively coupled with the sub-
input shaft of the sub-speed-change unit via a vibration-
absorbing shaft coupling (120).
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Description

[0001] The present invention relates to a transmission
for a working vehicle that is designed to transmit drive
power from an engine to a driving axle. The present in-
vention also relates to a vehicle with a power transmis-
sion train designed to transmit drive power from an en-
gine to a driving axle via a main-speed-change unit and
a sub-speed-change unit.
[0002] A vehicle such as a working vehicle has a pow-
er transmission train, which is designed to transmit drive
power from an engine to a driving axle via a speed
change unit, enabling the driving axle to be rotated at a
predetermined speed by the operation of the speed
change unit. If a need exists to widen a speed change
range of the driving axle, and/or reduce the load applied
to the speed change unit, a sub-speed-change unit is
further provided in addition to a main-speed-change
unit.
[0003] FIG. 22 is a model view of a conventional ve-
hicle equipped with a main-speed-change unit and a
sub-speed-change unit, in which a rear axle serves as
a driving axle. As illustrated in this Figure, the conven-
tional vehicle equipped with the sub-speed-change unit
has engine 801, flywheel 802, main-speed-change unit
803, sub-speed-change unit 804 and driving axle unit
805, which are detachable from each other, aligned in
sequence from one side of a vehicle longitudinal direc-
tion to the opposite side thereof and connected in tan-
dem. This particular arrangement may cause the follow-
ing problems.
[0004] That is, when a hydrostatic transmission (here-
inafter referred to as HST) is used as the main-speed-
change unit 803, the HST itself vibrates due to pulsation
or the like of operating fluid pressure circulating in the
HST. As mentioned above, the arrangement with the
main-speed-change unit 803, the sub-speed-change
unit 804 and the axle unit 805 connected to each other
cause vibrations of the HST to be transmitted to vehicle
frame 800 via the sub-speed-change unit 804 and the
axle unit 805, thereby causing a problem of deteriorating
a driving environment.
[0005] In order to solve the above problem, there was
proposed an arrangement that the engine is connected
with the sub-speed-change unit through a housing, and
the HST serving as the main-speed-change unit is con-
nected with a front side of the sub-speed-change unit
via an antivibration member, as well as a front side of
the HST is connected with the housing via another an-
tivibration member.
[0006] However, in the above arrangement, there is
no consideration made for vibration of the engine. That
is, the above power transmission arrangement causes
a problem that the housing itself, which supports the
HST with a flexible structure omitting transmission of vi-
brations, vibrates due to vibrations transmitted from the
engine.
[0007] In the above arrangement, the engine, the

housing and the sub-speed-change unit are connected
in tandem, with the result that a space does not exist
between front and rear wheels. Accordingly, a driver's
step must be disposed above those members connect-
ed together, which necessitates the driver's step to be
disposed at a higher place, and/or those connected
members to be disposed at a higher place in a case
where a mid-mount mower must be mounted between
the front and rear wheels, hence inviting rise of the ve-
hicle's center of gravity.
[0008] The present invention has been conceived in
consideration of those prior arts. It is an object of the
present invention to provide a transmission for a working
vehicle with a power transmission train designed to
transmit drive power from an engine to a driving axle via
a main-speed-change unit and a sub-speed-change
unit, which is capable of effectively preventing vibrations
due to the engine and the main-speed-change unit from
transmitting to the vehicle frame.
[0009] It is another object of the present invention to
provide a transmission for a working vehicle that is ca-
pable of securing a free space between the front and
rear wheels without inviting expansion of the vehicle's
length.
[0010] It is still another object of the present invention
to provide a vehicle with a power transmission train de-
signed to transmit drive power from an engine to a driv-
ing axle via a main-speed-change unit and a sub-speed-
change unit, which is capable of effectively preventing
expansion of the vehicle's length, as well as securing a
free space between the front and rear wheels.
[0011] In order to achieve the above objects, there is
provided a transmission for a working vehicle for trans-
mitting drive power from an engine to a driving axle that
includes: a flywheel including a flywheel body operative-
ly connected with the engine and a flywheel housing for
accommodating the flywheel body; a main-speed-
change unit including a main-input shaft operatively
connected with the engine via the flywheel body and a
main-output shaft for outputting drive power to be trans-
mitted to the driving axle; and a sub-speed-change unit
including a sub-input shaft and a sub-output shaft, and
disposed with a distance from the main-speed-change
unit. The engine, the flywheel and the main-speed-
change unit are integrally connected with each other so
as to vibrate freely relative to a vehicle frame, and the
main-output shaft of the main-speed-change unit is op-
eratively coupled with the sub-input shaft of the sub-
speed-change unit via a vibration-absorbing shaft cou-
pling.
[0012] With the transmission having the above ar-
rangement, vibrations due to the engine and the main-
speed-change unit are effectively prevented from trans-
mitting to the vehicle frame, thus contributing to im-
proved running performance and running stability of the
vehicle. Also, the arrangement with the main-speed-
change unit, which vibrates relative to the sub-speed-
change unit, being disposed independently of the sub-
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speed-change unit with a distance therefrom results in
creation of a free space between the main- and sub-
speed-change units. This provides an improved design
flexibility in designing the working vehicle.
[0013] The transmission preferably further includes a
damper interposed between the flywheel body and the
main-input shaft. With this arrangement, variations in
angular speed of the engine are effectively prevented
from affecting on the main-input shaft of the main-
speed-change unit, thereby improving reliability and du-
rability of a drive train on the downstream side.
[0014] Preferably, the main-input shaft and the main-
output shaft of the main-speed-change unit are aligned
parallel to each other in a vehicle's vertical direction and
offset to each other in a vehicle's lateral direction. This
arrangement can effectively limit the height of the main-
speed-change unit, while shortening the width thereof.
[0015] The main-speed-change unit preferably in-
cludes an output adjusting member for adjusting the
speed change ratio of the main-output shaft with resect
to the main-input shaft, and the output adjusting mem-
ber is operated by means of electric signals. This ar-
rangement can achieve simplified coupling mechanism
between the output adjusting member and the operation
member disposed in the vicinity of the driver seat.
[0016] Preferably, the flywheel housing includes a
body portion having an accommodation space and op-
posite open ends, and a partition wall for dividing the
accommodation space into a first chamber for accom-
modating the flywheel body and a second chamber for
accommodating the main-speed-change unit; and the
flywheel body has a portion facing the partition wall, on
which an airflow fan is provided.
[0017] According to another aspect of the present in-
vention, there is provided a transmission for a working
vehicle for transmitting drive power from an engine to a
driving axle via a flywheel, an HST and a sub-speed-
change unit, which are aligned in a power transmission
direction. The flywheel includes a flywheel body opera-
tively connected with the engine and a flywheel housing
for accommodating the flywheel body. The HST includes
a hydraulic pump unit having a pump shaft serving as a
main-input shaft operatively connected with the engine
via the flywheel body, a hydraulic motor unit having a
motor shaft serving as a main-output shaft and output-
ting drive power through the motor shaft with the speed
of the drive power non-stepwisely changed in coopera-
tion with the hydraulic pump unit, and a center section
for supporting the hydraulic pump unit and the hydraulic
motor unit and provides fluid connection therebetween.
The engine, the flywheel housing and the HST are inte-
grally connected with each other so as to vibrate freely
relative to a vehicle frame and disposed with a distance
from the sub-speed-change unit. The sub-speed-
change unit includes a sub-input shaft and a sub-output
shaft. The motor shaft of the HST is operatively coupled
with the sub-input shaft of the sub-speed-change unit
via a vibration-absorbing shaft coupling.

[0018] With the transmission having the above ar-
rangement, vibrations due to the engine and the HST
are effectively prevented from transmitting to the vehicle
frame, thus contributing to improved running perform-
ance and running stability of the vehicle. Also, the ar-
rangement with the HST, which vibrates relative to the
sub-speed-change unit, being disposed independently
of the sub-speed-change unit with a distance therefrom
results in creation of a free space between the HST and
the sub-speed-change unit. This provides an improved
design flexibility in designing the working vehicle.
[0019] Preferably, the flywheel housing includes a
body portion having an accommodation space and op-
posite open ends, and a partition wall for dividing the
accommodation space into a dry chamber for accom-
modating the flywheel body and a hydraulic fluid cham-
ber for accommodating the HST, and the flywheel body
has a portion facing the partition wall, on which an air-
flow fan is provided.
[0020] Preferably, one of the opposite open ends of
the flywheel housing, which is located closer to the hy-
draulic fluid chamber, is covered by the center section.
[0021] Preferably, the hydraulic pump unit and the hy-
draulic motor unit are supported on an upstream side of
the center section; the pump shaft of the hydraulic pump
unit has a downstream end extending downstream
through a downstream side of the center section; and
the downstream end of the pump shaft is provided with
a charge pump for replenishing operating fluid in the
HST.
[0022] Preferably, the downstream end of the pump
shaft is further provided with an auxiliary pump for feed-
ing operating fluid to an outside actuator.
[0023] Preferably, the hydraulic pump unit and the hy-
draulic motor unit are respectively supported on up-
stream and downstream sides of the center section; and
the upstream end of the pump shaft in the hydraulic
pump unit has a portion located in the dry chamber, the
portion being provided with a charge pump for replen-
ishing operating fluid in the HST.
[0024] Preferably, a downstream end of the pump
shaft extends downstream through the center section;
and a housing for accommodating the sub-speed-
change unit is further provided, in which the housing in-
cludes a power transmission shaft operatively coupled
with the downstream end of the pump shaft via a vibra-
tion-absorbing shaft coupling, and an auxiliary pump for
feeding operating fluid to an outside actuator, which is
driven by drive power branched from the power trans-
mission shaft.
[0025] The flywheel housing preferably includes a
PTO shaft, to which drive power from the engine is se-
lectively transmitted by engagement and disengage-
ment of clutch means.
[0026] The main-output shaft and the PTO shaft are
preferably aligned parallel to each other in a vehicle's
lateral direction.
[0027] According to still another aspect of the present
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invention, there is provided a vehicle with a power trans-
mission train for transmitting drive power from an en-
gine, which is disposed on a vehicle frame closer to a
first side thereof in a fore and aft direction of the vehicle,
to a driving axle via a main-speed-change unit and a
sub-speed-change unit. The main-speed-change unit is
integrally disposed with a flywheel housing that is con-
nected with a downstream side of an engine. The sub-
speed-change unit is disposed on the vehicle frame
closer to a second side thereof in the fore and aft direc-
tion of the vehicle with a distance from the flywheel
housing. The main-speed-change unit is operatively
coupled with the sub-speed-change unit via a coupling
shaft that extends in the fore and aft direction of the ve-
hicle.
[0028] The above arrangement can effectively limit
the length of the vehicle, while securing a free space
between the front and rear wheels so as to produce im-
proved design flexibility in designing the vehicle. For ex-
ample, by the utilization of the free space, a driver's step
and/or a mid-mount mower can be disposed at lower
places.
[0029] Preferably, the flywheel housing includes a
body portion having an accommodation space and op-
posite open ends, and a partition wall for dividing the
accommodation space into a first chamber and a sec-
ond chamber, the former located closer to the first side
of the fore and aft direction of the vehicle, and the latter
located closer to the second side of the fore and aft di-
rection of the vehicle, in which the first chamber accom-
modates a flywheel body of the flywheel and the second
chamber accommodates the main-speed-change unit.
[0030] The flywheel body preferably has a portion fac-
ing the partition wall, on which an airflow fan is provided.
[0031] Preferably, the engine, the flywheel and the
main-speed-change unit are mounted on the vehicle
frame so as to vibrate relative to the vehicle frame, and
the sub-speed-change unit is mounted on the vehicle
frame so as not to vibrate relative to the vehicle frame;
and the main-speed-change unit is operatively coupled
with the sub-speed-change unit via a vibration-absorb-
ing shaft coupling. This arrangement can effectively pre-
vent vibrations due to the engine or the like from trans-
mitting to the vehicle frame and the sub-speed-change
unit, while securely achieving power transmission be-
tween the main-speed-change unit and the sub-speed-
change unit.
[0032] According to yet another aspect of the present
invention, there is provided a vehicle with a power trans-
mission train for transmitting drive power from an en-
gine, which is disposed on a vehicle frame closer to a
first side thereof in a fore and aft direction of the vehicle,
to a driving axle via a flywheel, an HST and a sub-speed-
change unit. The flywheel housing includes a flywheel
body operatively connected with the engine and a fly-
wheel housing connected with a side of the engine fac-
ing a second side of the vehicle frame in the fore and
aft direction of the vehicle so as to accommodate the

flywheel body. The HST is integrally disposed with the
flywheel housing. The sub-speed-change unit is dis-
posed on the vehicle frame closer to the second side in
the fore and aft direction of the vehicle with a distance
from the flywheel housing. The HST is operatively cou-
pled with the sub-speed-change unit via a coupling shaft
that extends in the fore and aft direction of the vehicle.
[0033] The above arrangement can effectively limit
the length of the vehicle, while securing a free space
between the front and rear wheels so as to produce im-
proved design flexibility in designing the vehicle. For ex-
ample, by the utilization of the free space, a driver's step
and/or a mid-mount mower can be disposed at lower
places.
[0034] Preferably, the engine, the flywheel and the
HST are mounted on the vehicle frame so as to vibrate
relative to the vehicle frame, and the sub-speed-change
unit is mounted on the vehicle frame so as not to vibrate
relative to the vehicle frame; and the HST is operatively
coupled with the sub-speed-change unit via a vibration-
absorbing shaft coupling. This arrangement can effec-
tively prevent vibrations due to the engine, the HST and
the like from transmitting to the vehicle frame and the
sub-speed-change unit, while enabling secured power
transmission between the HST and the sub-speed-
change unit
[0035] Preferably, the flywheel housing is provided
with a PTO shaft capable of transmitting drive power
from the engine to the outside of the flywheel housing
via clutch means.

FIG. 1 is a schematic side view of a working vehicle
according to a first embodiment of the present in-
vention.

FIG. 2 is a model view illustrating power transmis-
sion of the working vehicle of FIG. 1.

FIG. 3 is an enlarged side view of an engine and its
vicinity in the vehicle of FIG. 1.

FIG. 4 is a schematic front view of the engine of FIG.
3.

FIG. 5 is a front view of a flywheel, an HST and its
vicinity in lateral cross section in the working vehicle
of FIG. 1.

FIG. 6 is a side view of the flywheel and the HST of
FIG. 5 in longitudinal cross section.

FIG. 7 is a cross section taken along a line VII-VII
in FIG. 5.

FIG. 8 is a hydraulic circuit diagram of the working
vehicle of FIG. 1.

FIG. 9 is a cross section taken along a line IX-IX in
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FIG. 5.

FIG. 10 is a cross section taken along a line X-X in
FIG. 5.

FIG. 11 is a cross section taken along a line XI-XI
in FIG. 5.

FIG. 12 is a cross section taken along a line XII-XII
in FIG. 5.

FIG. 13 is a schematic side view of a working vehi-
cle according to a second embodiment of the
present invention.

FIG. 14 is a model view illustrating power transmis-
sion of the working vehicle of FIG. 13.

FIG. 15 is a hydraulic circuit diagram of the working
vehicle of FIG. 13.

FIG. 16 is a plan view of an HST and its vicinity in
lateral cross section in the working vehicle of FIG.
13.

FIG. 17 is a side view of the HST and its vicinity in
longitudinal cross section in the working vehicle of
FIG. 13.

FIG. 18 is an enlarged side view of an engine and
its vicinity in the working vehicle of FIG. 13.

FIG. 19 is a cross section taken along a line IXX-IXX
in FIG. 16.

FIG. 20 is a cross section taken along a line XX-XX
in FIG. 16.

FIG. 21 is a cross section taken along a line XXI-XXI
in FIG. 16.

FIG. 22 is a schematic side view of a conventional
working vehicle.

[0036] The description will be made for a preferred
embodiment of the present invention with reference to
the accompanied drawings. FIGS. 1 and 2 are respec-
tively a schematic side view of working vehicle 1 of this
embodiment and a model view illustrating power trans-
mission of the vehicle.
[0037] As illustrated in FIGS. 1 and 2, the working ve-
hicle 1 includes vehicle frame 10, engine 20 flexibly sup-
ported with a vibration absorption structure on the vehi-
cle frame 10 closer to a first side thereof with respect to
a fore and aft direction of the vehicle, a main-speed-
change unit and a sub-speed-change unit for respec-
tively performing transmission of drive power from the
engine while changing the speed thereof so that running

power is transmitted through the sub-speed-change unit
to driving wheels.
[0038] FIG. 3 is an enlarged side view of the engine
and its vicinity. FIG. 4 is a schematic front view of the
engine.
[0039] As illustrated in FIGS. 3 and 4, attaching brack-
et 50, which is connected with the vehicle frame via an-
tivibration rubber 51, is securely threaded on lateral side
walls of the engine 20. That is, the engine can vibrate
freely relative to the vehicle frame 10 so that vibrations
from the engine 20 are prevented from transmitting to
the vehicle frame 10.
[0040] The working vehicle is constructed so that
drive power from the engine 20 is transmitted to the
main-speed-change unit via flywheel 60. That is, in the
working vehicle, the flywheel 60, the main-speed-
change unit and the sub-speed-change unit together
constitute a transmission for transmitting drive power
from the engine to a driving axle.
[0041] The flywheel 60 and the main-speed-change
unit are connected and supported by the engine 20 and/
or the attaching bracket 50 in a free state (with no direct
engagement) with respect to the vehicle frame 10. That
is, the engine 20, the flywheel 60 and the main-speed-
change unit are integrally connected with each other,
thereby constituting a vibratory unit, which can vibrate
freely relative to the vehicle frame 10.
[0042] FIGS. 5 and 6 are respectively a laterally sec-
tion plan view and a longitudinally section side view of
the flywheel 60, main-speed-change unit 30 and its vi-
cinity.
[0043] As illustrated in FIGS. 5 and 6, the flywheel 60
includes flywheel housing 61 that is connected with the
engine 20 and/or the attaching bracket 50 in a free state
(i.e., without direct engagement) with respect to the ve-
hicle frame 10, and flywheel body 65 accommodated
within the housing 61 so as to be operatively connected
with crankshaft 20a of the engine 20.
[0044] The flywheel 60 is preferably provided with
damper 66 that is connected with an output portion of
the flywheel body 65, thereby enabling the power trans-
mission to the main-speed-change unit of the down-
stream side while limiting variation in angular speed of
the output of the engine.
[0045] As illustrated in FIGS. 5 and 6, the flywheel
housing 61 has body 62 of a substantially tubular shape
that has opposite open ends (upstream open end and
downstream open end) in a power transmission direc-
tion, and partition wall 63 that divides an inner space of
the tubular body 62 into first chamber 62a and second
chamber 62b respectively located on the upstream and
downstream sides in the power transmission direction.
As used throughout the description, the directional term
"upstream" and "downstream" are relative to the power
transmission direction.
[0046] The first chamber 62a is designed as a dry
chamber for accommodating the flywheel body 65 and
the damper 66. On the other hand, the second chamber
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62b is designed as a hydraulic fluid chamber for accom-
modating HST 30 serving as the main-speed-change
unit and storing operating fluid used for it.
[0047] The flywheel body 65 has a side facing the par-
tition wall 63, which is preferably provided with airflow
fan 67, which draws outside air into the first chamber
62a of the flywheel housing 61, thereby cooling the
main-speed-change unit and hence providing effective
preventive measure against temperature rise of operat-
ing fluid in the hydraulic fluid chamber by means of a
simple structure of the fan, which utilizes rotation of the
flywheel body 65. In Figures, reference numeral 68 rep-
resents a vent hole formed in a peripheral wall of the
tubular body 62.
[0048] The HST 30 includes hydraulic pump unit 310
for receiving drive power from the engine 20 via the fly-
wheel 60, hydraulic motor unit 330 for non-stepwisely
changing the speed of drive power from the engine 20
in cooperation with the hydraulic pump unit 310, and
center section 350 that supports the hydraulic pump unit
310 and the hydraulic motor unit 330, and forms a hy-
draulic circuit for fluid connection therebetween. In this
embodiment, the center section 350 is provided with a
pair of hydraulic lines as the hydraulic circuit, which will
be described later.
[0049] At least one of the hydraulic pump unit 310 and
the hydraulic motor unit 330 is of a variable displace-
ment type that has suction/discharge rates variable by
the operation of an output adjusting member, which can
non-stepwisely change the speed of the output from the
hydraulic motor unit 330 by the control of the slanting
angle of the output adjusting member. In this embodi-
ment, the hydraulic pump unit 310 and the hydraulic mo-
tor unit 330 are respectively designated as being of the
variable displacement type and a fixed displacement
type.
[0050] The center section 350 has first side 350a and
second side 350b, which respectively face upstream
and downstream in the power transmission direction.
With both the hydraulic pump unit 310 and the hydraulic
motor unit 330 supported on the first side 350a, the cent-
er section 350 is connected with the tubular body 62 of
the flywheel housing 61 so as to cover the downstream
open end of the tubular body 62.
[0051] That is, in this embodiment, the center section
350 constitutes a part of the flywheel housing 61, and
the center section 350, the tubular body 62 and the par-
tition wall 63 together define the hydraulic fluid chamber
(second chamber) 62b.
[0052] The hydraulic pump unit 310 is, as described
above accommodated within the hydraulic fluid cham-
ber 62b of the flywheel housing 61 while supported by
the center section 350.
[0053] More specifically, the hydraulic pump unit 310
includes pump shaft 311 that has an upstream end ex-
tending into the dry chamber (first chamber) 62a through
the partition wall 63 and coupled with the damper 66,
and a downstream end extending to the outside through

the center section 350, piston unit 312 that performs a
rotational movement around the axis of the pump shaft
311 by the rotation of the pump shaft 311 and a recipro-
cal movement in association with the rotational move-
ment, cylinder block 313 that supports the piston unit
312, allowing it to perform a reciprocal movement, and
is supported on the first side 350a of the center section
350 so as to be in communication with the pair of hy-
draulic lines, output adjusting member 314 that regu-
lates the stroke length of the piston unit 312 according
to the slanting angle so as to vary the suction/discharge
rates of the piston unit 312, and control shaft 315 (see
the drawings) that adjusts the slanting angle of the out-
put adjusting member 314.
[0054] In this embodiment, as illustrated in FIGS. 5
and 6, the hydraulic pump unit 310 is of an axial piston
type, which employs a movable swash plate as the out-
put adjusting member 314. In the case where the hy-
draulic pump unit is of a radial piston type, a cam ring is
employed as the output adjusting member.
[0055] The hydraulic motor unit 330, which is desig-
nated as being of the fixed displacement type in this em-
bodiment, includes cylinder block 333 that is supported
on the first side 350a of the center section 350 so as to
be in communication with the pair of hydraulic lines, pis-
ton unit 332 that is slidably supported within the cylinder
block 333 and performs a rotational movement as well
as a reciprocal movement by means of pressurized hy-
draulic fluid from the pair of hydraulic lines, and motor
shaft 331 that rotates around the axis by the rotational
movement of the piston unit 332 and has a downstream
end extending to the outside (rearwards in this embod-
iment) through the center section 350. The thus ar-
ranged hydraulic motor unit 330 can output rotational
output through the motor shaft 331 serving as a main
output shaft, which output is variable according to the
slanting angle of the output adjusting member 314 in the
hydraulic pump unit 310.
[0056] The vehicle includes charge pump unit 70 driv-
en through the downstream end of the pump shaft 311,
as illustrated in FIGS. 5 and 6. The charge pump unit
70 is used to feed operating fluid to the HST 30, and/or
feed operating fluid to a PTO unit, which will be later
described.
[0057] Specifically, the charge pump unit 70 includes
charge pump casing 71 supported on the second side
350b of the center section 350, and charge pump body
72 that is enclosed by the charge pump casing 71 and
driven through the downstream end of the pump shaft
311.
[0058] The vehicle may be provided with auxiliary
pump unit 80 for feeding operating fluid for driving an
outside actuator and/or feeding operating fluid to a pow-
er steering mechanism. By providing the auxiliary pump
unit 80 as well as the charge pump unit 70, it is possible
to sufficiently provide operating fluid without applying
excessive load to the charge pump unit 70.
[0059] The auxiliary pump unit 80 includes auxiliary
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pump casing 81 that is supported on a downstream side
of the charge pump casing 71, and auxiliary pump body
82 that is enclosed within the auxiliary pump casing 81
and driven through the downstream end of the pump
shaft 311.
[0060] The vehicle of this embodiment further in-
cludes PTO unit 90 for driving an outside unit such as a
working unit. In this embodiment, the PTO unit 90 is ac-
commodated within the hydraulic fluid chamber 62b of
the flywheel housing 61.
[0061] Specifically, the PTO unit 90 includes PTO
drive gear 91 that is relatively non-rotatably supported
on the pump shaft 311 so as to be positioned within the
hydraulic fluid chamber 62b, PTO shaft 92 that has op-
posite ends respectively bearing-supported by the par-
tition wall 63 and the center section 350, enabling the
PTO shaft 92 to be aligned parallel with the pump shaft
311 preferably in the vertical direction (i.e., at a different
height from the pump shaft 311 with maintaining a par-
allel relationship therebetween), PTO driven gear 93
that is relatively rotatably supported on the PTO shaft
92 so as to be in meshed engagement with the PTO
drive gear 91, and hydraulic clutch unit 94 that performs
engagement/disengagement between the PTO driven
gear 93 and the PTO shaft 92.
[0062] More specifically, the partition wall 63 of the fly-
wheel housing 61 forms opening 63a through which the
PTO unit 90 is insertable, and is also provided with a
detachable lid member 63b that covers the opening 63a
and supports the upstream end of the PTO shaft 92. The
thus formed opening 63a of the partition wall 63 allows
the PTO unit 90 to be placed into the hydraulic fluid
chamber 62b through the dry chamber 62a.
[0063] The PTO shaft 92 has a downstream end ex-
tending to the outside through the center section 350 to
have an outer extension through which drive power for
the outside unit can be taken off.
[0064] The PTO unit 90 is preferably provided with
brake unit 95 between the flywheel housing 61 and the
PTO shaft 92 so as to apply braking force to the PTO
shaft 92 in association with a power shutoff action of the
hydraulic clutch unit 94 with respect to the PTO shaft
92. The thus provided brake unit 95 effectively prevents
the PTO shaft 92 from keeping rotating due to the mo-
ment of inertia of the outside unit coupled with the PTO
shaft, after the power shutoff of PTO shaft 92.
[0065] FIG. 7 is a cross section taken along a line
VII-VII in FIG. 5. As illustrated in this Figure, the HST
has the pump shaft 311 and the motor shaft 331 aligned
parallel to each other in a vehicle's vertical direction and
offset to each other in a vehicle's lateral direction, there-
by shortening the length of the HST in the vehicle's lat-
eral direction while limiting a vertical space to be occu-
pied by these shafts. Therefore, constitutional members
of the vehicle to be disposed above the HST, such as a
driver seat can be disposed as low as possible, thereby
contributing to ease of getting-on/off the vehicle and/or
lowered center of gravity of the vehicle. With this shaft

arrangement, the pump shaft 311, the motor shaft 331
and the PTO shaft 92 are arranged in a triangle as
viewed from the front side, so that these shafts can be
disposed as close as possible to each other within the
flywheel housing 61. As a result, the size of a combina-
tion comprising the HST and the PTO unit can be mini-
mized.
[0066] In this embodiment, multi-speed mechanical
transmission 40 is provided to serve as the sub-speed-
change unit.
[0067] The multi-speed mechanical transmission 40
is securely supported on the vehicle frame 10 closer to
a second end thereof, with a distance from the HST 30
serving as the main-speed-change unit in the fore and
aft direction of the vehicle. That is, on the contrary to the
vibratory arrangement that the engine, the flywheel and
the HST together constitute a vibratory unit, which can
vibrate freely relative to the vehicle frame, the multi-
speed mechanical transmission 40 constitutes a fixed
unit, which is disposed with a distance from the vibratory
unit in the fore and aft direction of the vehicle in such a
manner as not to vibrate relative to the vehicle frame.
[0068] More specifically, as illustrated in FIGS. 1 and
2, the multi-speed mechanical transmission 40 includes
transmission housing 41 and speed change unit 42 ac-
commodated within the transmission housing 41. The
transmission housing 41 is connected with housing 111
of axle unit 110 having differential gear unit 100 that
branches drive power and transmits the same to a pair
of main driving axles 15, and is disposed not to vibrate
relative to the vehicle frame.
[0069] The speed change unit 42 includes sub-input
shaft 43 operatively coupled with the motor shaft 331,
and sub-output shaft 44 disposed so as to stepwisely
change the speed between itself and the sub-input shaft
43. With this arrangement, drive power is transmitted
from the sub-output shaft 44 to the differential gear unit
100.
[0070] The sub-input shaft 43 is coupled with the mo-
tor shaft 331 via vibration-absorbing shaft coupling 120,
thereby enabling smooth transmission of drive power
between the motor shaft 331 capable of vibrating freely
relative to the vehicle frame 10 and the sub-input shaft
43 incapable of vibrating relative to the vehicle frame
10. As the vibration-absorbing shaft coupling 120, a
transmission shaft with universal joints at its opposite
ends can be used.
[0071] In this embodiment, as illustrated in FIG. 2, the
speed change unit 42 includes the sub-input shaft 43,
driven shaft 45 disposed substantially parallel with the
sub-input shaft 43, the sub-output shaft 44 disposed co-
axial with the sub-input shaft 43 so as to be rotatable
relative to the same around the axis, drive gear 46 rel-
atively non-rotatably supported on the sub-input shaft
43, first driven gear 47a relatively non-rotatably support-
ed on the driven shaft 45 in meshed engagement with
the drive gear 46, second and third driven gears 47b,
47c disposed with a distance from the driven gear 47a
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in the axial direction in such a manner as to be relatively
non-rotatably supported on the driven shaft 45, first out-
put gear 48a relatively rotatably supported on the sub-
output shaft 44 in meshed engagement with the second
driven gear 47b, second output gear 48b relatively ro-
tatably supported on the sub-output shaft 44 in meshed
engagement with the third driven gear 47c, first shifter
unit 49a disposed between the sub-input shaft 43 and
the sub-output shaft 44, and second shifter unit 49b dis-
posed between the second output gear 48b and the sub-
output shaft 44.
[0072] The first shifter unit 49a is designed to be cable
of selectively taking a low speed position allowing the
sub-output shaft 44 to be relatively non-rotatably cou-
pled with the sub-input shaft 43 or the drive gear 46, a
middle speed position allowing the first output gear 48a
to be relatively non-rotatably coupled with the sub-out-
put shaft 44, and a neutral position allowing the sub-
output shaft 44 to be out of engagement with the sub-
input shaft 43 or the drive gear 46 and with the first out-
put gear 48a.
[0073] On the other hand, the second shifter unit 49b
is designed to be capable of selectively taking a high
speed position allowing the second output gear 48b to
be relatively non-rotatably coupled with the sub-output
shaft 44, and a neutral position allowing them to be dis-
engaged from each other.
[0074] The thus arranged multi-speed mechanical
transmission 40 is capable of producing drive power ad-
justable in three stages through the sub-output shaft 44
by the operation of the first and second shifter units 49a,
49b.
[0075] When employing the PTO unit 90 as in the
working vehicle of this embodiment, the multi-speed
mechanical transmission 40 is further provided with
power transmission shaft 96 for transmitting drive power
outputted from the PTO shaft 92 to the outside unit. The
PTO shaft 92 is operatively coupled with vibration-ab-
sorbing shaft coupling 120 in the same as a coupling
manner between the motor shaft 331 and the sub-input
shaft 43.
[0076] When providing the power transmission shaft
96 in the multi-speed mechanical transmission 40, the
driven shaft 45 is preferably formed in a hollow tubular
shape to have an inner hollow space, into which the
power transmission shaft 96 is relatively rotatably insert-
ed. This arrangement can achieve downsizing of the
multi-speed mechanical transmission 40 in an embodi-
ment employing a PTO power transmission train.
[0077] Reference numerals 97 and 98 in FIG. 2 re-
spectively represent a PTO output shaft, and a PTO
speed change unit disposed between the power trans-
mission shaft 96 and the PTO output shaft 97.
[0078] As illustrated in FIG. 2, the multi-speed me-
chanical transmission 40 is further provided with a four-
wheel-drive unit 410 in this embodiment. The four-
wheel-drive unit 410 may be designed to take off drive
power through the sub-output shaft 44, allowing itself to

easily take off drive power synchronized with the sub-
output shaft 44, which outputs drive power for the main
driving axles 15. The four-wheel-drive unit 410 is pref-
erably mounted to the multi-speed mechanical trans-
mission 40 in a detachable manner.
[0079] The thus arranged working vehicle produces
the following desirable effects. In the working vehicle of
this embodiment, which includes the vibratory unit that
can vibrate freely relative to the vehicle frame, and the
fixed unit that cannot vibrate relative to the vehicle frame
10, the former being constituted by the integral arrange-
ment of the engine 20, the HST 30 serving as the main-
speed-change unit and the flywheel 60, all of which
cause vibrations to the vehicle frame 10, and the latter
being constituted by the multi-speed mechanical trans-
mission 40 serving as the sub-speed-change unit, which
is disposed with a distance from the vibratory unit along
the vehicle's longitudinal direction, in which the power
transmission between the vibratory unit and the fixed
unit (i.e., the power transmission between the pump
shaft 311 of the HST 30 and the sub-input shaft 43 of
the multi-speed mechanical transmission 40) is per-
formed via the vibration-absorbing shaft coupling 120.
[0080] The thus arranged working vehicle can secure-
ly perform power transmission from the HST 30 to the
multi-speed mechanical transmission 40, while effec-
tively preventing vibrations of the engine and the HST
itself due to pulsation or the like of operating fluid pres-
sure in the HST from transmitting to the fixed unit. As a
result, the driveability and stability of the vehicle can be
remarkably improved.
[0081] Moreover, in the working vehicle of this embod-
iment, the engine 20, which is disposed closer to the first
side of the vehicle in the fore and aft direction of the
vehicle, has a side facing the second side (opposite to
the first side with respect to the fore and aft direction of
the vehicle), through which the flywheel housing 61 is
connected with the engine 20. The thus connected fly-
wheel housing 61 accommodates the HST 30 serving
as the main-speed-change unit. On the other hand, the
multi-speed mechanical transmission 40 serving as the
sub-speed-change unit is connected with the axle unit
disposed on the second side of the vehicle in the fore
and aft direction of the vehicle with a distance from the
HST 30, and is also coupled with the HST via their
shafts.
[0082] That is, the working vehicle with the HST 30
accommodated within the flywheel housing 61 and the
multi-speed mechanical transmission 40 connected
with the axle unit can effectively limit the vehicle's
length, while securing a free space between the HST 30
and the multi-speed mechanical transmission 40, there-
by providing improved design flexibility in designing a
vehicle.
[0083] Specifically, the above arrangement produces
a design flexibility enabling such as a driver's step to be
disposed above the free space, and/or a mid-mount
mower to be disposed below the free space, thereby
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achieving lowered center of gravity of the vehicle, and
improved running stability of the vehicle.
[0084] As described above, in this embodiment, in or-
der to absorb relative vibrations between the HST 30,
which serves as a part of the vibratory unit, and the multi-
speed mechanical transmission 40, which serves as a
part of the fixed unit, the coupling therebetween is made
by the vibration-absorbing shaft coupling 120. Unless
relative vibrations occur between the HST 30 and the
multi-speed mechanical transmission 40, a coupling of
a general type may be employed for the coupling ther-
ebetween.
[0085] The accommodation of the HST 30 within the
flywheel housing 61 produces a desirable effect of low-
ering costs thanks to decrease in the number of parts
resulted from this arrangement, as well as the above de-
scribed effects. As another desirable effect, the arrange-
ment with the downstream open end of the flywheel
housing 61 covered by the center section 350, which
enables the center section 350 to also serve a part of
the flywheel housing 61, contributes to additional cost
reduction.
[0086] The description will be hereinafter made for the
hydraulic circuit of the working vehicle 1.
[0087] FIG. 8 illustrates the hydraulic circuit of the ve-
hicle 1. FIGS. 9 and 10 are respectively cross sections
taken along lines IX-IX and X-X in FIG. 5.
[0088] Now, the hydraulic circuit, which uses pressu-
rized hydraulic fluid as operating fluid fed from the
charge pump unit 70.
[0089] As illustrated in FIG. 7, the tubular body 62 of
the flywheel housing 61 forms first suction line 201 with
a first end communicated with the hydraulic fluid cham-
ber 62a and a second end opening to the outside of the
tubular body 62. The second end of the first suction line
201 is communicated with a suction port of suction filter
202 provided in an outer circumference of the tubular
body 62. A discharge port of the suction filter 202 is com-
municated with the charge pump unit 70 via second suc-
tion line 203 and conduit 204 (see FIGS. 8 and 10).
[0090] As illustrated in FIGS. 2, 5 and 10, the charge
pump casing 71 forms third suction line 205 with a first
end opening to the outside so as to be connected with
the conduit 204 and a second end communicated with
a suction port of the charge pump body 72, first dis-
charge line 206 with a first end communicated with a
discharge port of the charge pump body 72, flow divider
207 with input portion 207a disposed so as to be com-
municated with a second end of the first discharge line
206, fourth discharge line 208 for communication be-
tween first output portion 207b of the flow divider 207
and a side of the charge pump casing, which faces the
center section 350, PTO discharge line 209 with a first
end communicated with second output portion 207c of
the flow divider 207 and a second end opening through
the side facing the center section 350, PTO on/off valve
210 placed in the PTO discharge line 209, and first PTO
drain line 211 with a first end communicated with a drain

portion of the PTO on/off valve 210 and a second end
opening through the side facing the center section 350.
[0091] As illustrated in FIG. 9, the center section 350
forms the pair of hydraulic lines 220, first bypass line
221 for communication between the pair of hydraulic
lines 220, charge line 222 with a first end opening
through the second side 350b facing the charge pump
casing 71 so as to be communicated with the fourth dis-
charge line 208 and a second end connected with the
first bypass line 221, charge relief valve 223 placed in
the charge line 222, and a pair of high-pressure relief
valves 224 and a pair of charge check valves 225 placed
in the first bypass line 221 between a junction point with
the charge line 222 and junction points respectively with
the pair of hydraulic lines 220.
[0092] Preferably, the center section 350 additionally
forms second bypass line 226 for communication be-
tween the pair of hydraulic lines 220, drain line 227 with
a first end communicated with the second bypass line
226 and a second end communicated with a hydraulic
fluid tank, a pair of suction valves placed in the second
bypass line between a junction point with the drain line
227 and junction points respectively with the pair of hy-
draulic lines 220. The pair of suction valves 228 can ef-
fectively prevent a negative pressure from being caused
in the pair of hydraulic lines 220, thereby preventing the
vehicle from being accidentally moved downwardly on
a sloping road (a free wheel phenomenon) when it is
stopped with its engine stopped on the sloping road.
[0093] The center section 350 also forms a part of a
hydraulic passage for controlling the hydraulic clutch
unit 94 and/or the hydraulic brake unit 95 in the PTO unit
90. That is, as illustrated in FIGS. 5 and 9, the center
section 350 further forms first PTO line 229 with a first
end opening through the second side 350b facing the
charge pump casing 71 so as to be communicated with
the second end of the PTO discharge line 209 and a
second end opening to the hydraulic fluid chamber 62b
of the flywheel housing 61.
[0094] As illustrated in FIG. 5, the second end of the
first PTO line 229 is communicated with the lid member
63b of the partition wall 63 in the flywheel housing 61
via hydraulic passage 230 in the form of such as a boring
or any other suitable conduit formed in the flywheel
housing 61.
[0095] FIG 11 is a cross section taken along a line
XI-XI in FIG. 5. As illustrated in FIG. 11, the lid member
63b is provided with second PTO line 231 with a first
end communicated with the hydraulic passage 230 and
a second end opening through a bearing surface of the
PTO shaft 92, relief valve 232 placed in the second PTO
line 231 for setting the working pressure of the hydraulic
clutch unit 94, and accumulator 233 placed in the sec-
ond PTO line 231 for gradual increase in fluid pressure
fed to the hydraulic clutch unit 94.
[0096] As illustrated in FIG. 6, the PTO shaft 92 forms
hydraulic passage 234 communicated with the second
PTO line 231, so that pressurized hydraulic fluid fed
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from the second PTO line 231 via the hydraulic passage
234 is fed to the hydraulic clutch unit 94 and the hydrau-
lic brake unit 95.
[0097] The center section 350 further forms a part of
a hydraulic passage for an electric-controlled hydraulic
servo mechanism as an output-adjusting-member con-
trol mechanism for controlling the slanting angle of the
output adjusting member 314 in the HST 30. That is, the
working vehicle of this embodiment employs electric-
controlled hydraulic servo mechanism 500 as the out-
put-adjusting-member control mechanism, which is de-
signed to use a part of pressurized hydraulic fluid from
the charge pump unit 70 as operating fluid.
[0098] Now, the description will be made for the elec-
tric-controlled hydraulic servo mechanism 500.
[0099] The electric-controlled hydraulic servo mech-
anism 500 is designed to be capable of slantingly mov-
ing the output adjusting member 314 by rotating an outer
extension of the control shaft 315 by an effect of hydrau-
lic pressure.
[0100] FIG. 12 is a cross section taken along a line
XII-XII in FIG. 5.
[0101] As illustrated in FIGS. 5 and 12, the electric-
controlled hydraulic servo mechanism 500 includes piv-
oting arm 501 with a first end relatively non-rotatably
connected with the control shaft 315 and a second end
that is a free end crossing the control shaft 315, cylinder
block 502 having a piston accommodation space of a
linear shape, cover 502c attached on an outer side wall
of the cylinder block 502, piston 503 fluid-tightly and ax-
ially slidably placed within the piston accommodation
space so as to divide the piston accommodation space
into first hydraulic fluid chamber 502a and second hy-
draulic fluid chamber 502b, first hydraulic line 504 with
a first end communicated with the first hydraulic fluid
chamber 502a and a second end formed in a joint sur-
face between the cylinder block 502 and the cover 502c
so as to open to the outside, second hydraulic line 505
with a first end communicated with the second hydraulic
fluid chamber 502b and a second end formed in a joint
surface between the cylinder block 502 and the cover
502c so as to open to the outside, and electromagnetic
switching valve (servo valve) 506 disposed on the cover
502c with first and second output ports 506a, 506b
formed on an output side respectively communicated
with the second ends of the first and second hydraulic
lines 504, 505 and with input port 506c and drain port
506d formed on an input side.
[0102] In association with the operation of the opera-
tion member such as a shift lever disposed near the driv-
er seat, the electromagnetic switching valve 506 takes
a first position enabling communication of the first output
port 506a with the input port 506c and communication
of the second output port 506b with the drain port 506d,
a center holding position for shutoff of the respective
ports, and a second position enabling communication of
the second output port 506b with the input port 506c and
communication of the first output port 506a with the

drain port 506d.
[0103] In this embodiment, as operating fluid for the
hydraulic servo mechanism, pressurized hydraulic fluid
from the charge pump 70 is utilized.
[0104] Specifically, the center section 350 forms ser-
vo line 240 with a first end opening through the second
side 350b of the center section 350 facing the charge
pump casing 71 so as to be communicated with the
fourth discharge line 208 (see FIG. 9). In this embodi-
ment, the second side 350b of the center section 350
facing the charge pump casing 71 forms groove 240a
for communication between the charge line 222 and the
servo line 240, so that a part of pressurized hydraulic
fluid coming from the fourth discharge line 208 via the
groove 240a flows into the servo line 240.
[0105] A second end of the servo line 240 is commu-
nicated with the input port 506c of the servo valve 506
via hydraulic passage 241 (see FIG. 7) formed in a pe-
ripheral wall of the flywheel housing 61 and hydraulic
passage 242 formed in the cylinder block 502.
[0106] The thus arranged hydraulic servo mechanism
500 is actuated in the following manner.
[0107] First, the driver operates the operation mem-
ber to enable a controller (not shown) to excite one so-
lenoid coil of the electromagnetic switching valve 506 in
association with the operation of the operation member.
The actuated electromagnetic switching valve 506 ena-
bles pressurized hydraulic fluid to be fed into either the
first or second hydraulic fluid chamber 502a, 502b while
being discharged from the residual chamber. According-
ly, the piston 503 is moved towards either side in the
axial direction. Once the piston 503 moves to either side
of the axial direction, the pivoting arm 501 is pivoted so
that the control shaft 315 is rotated around the axis,
thereby slantingly moving the output adjusting member
314. Upon stoppage of the operation member by the
driver, the controller (not shown) turns off electricity to
the solenoid coil so that the electromagnetic switching
valve 506 returns to the holding position. Thus, the slant-
ing movement of the output adjusting member 314 is
halted.
[0108] As described above, in this embodiment, the
output adjusting member 314 of the HST 30 serving as
the main-speed-change unit is so arranged as to be op-
erated by the electric-controlled hydraulic servo mech-
anism 500. Therefore, this arrangement achieves a sim-
plified structure as compared with an arrangement with
the operation member connected with the output adjust-
ing member of the HST via a mechanical operation
mechanism such as a linking mechanism or wire mech-
anism.
[0109] That is, as described above, the HST 30 is al-
lowed to vibrate freely relative to the vehicle frame 10.
Therefore, if the mechanical operation mechanism con-
nects the operation member of such as the driver seat,
which is fixed in position so as not to vibrate relative to
the vehicle frame 10, with the output adjusting member
314 of the HST 30, vibrations of the HST 30 relative to
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the vehicle frame 10 must be absorbed within the me-
chanical operation mechanism. This results in compli-
cated structure of the mechanical operation mecha-
nism.
[0110] On the contrary, in this embodiment, only the
necessary matter is to provide a wire connection of the
electromagnetic switching valve 506 with the controller
(not shown). As a result, a connection mechanism be-
tween the operation member and the output adjusting
member 314 of the HST 30 can be simplified.
[0111] The electric-controlled hydraulic servo mech-
anism 500 serving as the output-adjusting-member con-
trol mechanism is preferably provided with neutral-po-
sition-return-assist mechanism 550 for biasing the out-
put adjusting member 314 to the neutral position.
[0112] The neutral-position-return-assist mechanism
550 includes torsion spring 551 supported around the
outer extension of the control shaft 315, and locking pin
552 which lies at a reference position during the output
adjusting member 314 lies at the neutral position, and
upon the slanting movement of the output adjusting
member 314 in directions respectively enabling the ve-
hicle to move forward and rearward (i.e., vehicle forward
direction and vehicle backward direction), pivots around
the axis of the control shaft 315 by a displacement
amount corresponding to the slanting angle of the output
adjusting member 314.
[0113] In this embodiment, the locking pin 552 has a
proximal end connected with the output adjusting mem-
ber 314 and a distal end extending to the outside of the
flywheel housing 61, while the torsion spring 551 has
first and second free ends positioned on the opposite
sides of the outer extension in the pivoting direction.
[0114] With the above arrangement, the locking pin
552 presses the first and second ends of the torsion
spring 551, respectively, against the biasing force of the
spring 551 when the output adjusting member 314 piv-
ots in the vehicle forward and rearward directions.
[0115] The neutral-position-return-assist mechanism
550 further includes a fixing member for fixing the first
and second ends of the torsion spring 551 in position,
respectively, when the locking pin 552 pivots in the ve-
hicle forward and backward directions. That is, the fixing
member limits movement of the second end of the tor-
sion spring 551 when the locking pin 552 presses the
first end of the torsion spring 551, and limits movement
of the first end of the torsion spring 551 when the locking
pin 552 presses the second end of the torsion spring
551. In this embodiment, fixing pin 553 supported by the
cover 502c serves as the fixing member.
[0116] The fixing pin 553 is preferably an eccentric
pin, which has body 553a interposed between the op-
posite ends of the torsion spring 551 and eccentric por-
tion 553b having an axis eccentric to the body 553a and
extending to the outside through the cover 502c. With
this arrangement, rotation of the eccentric portion 553b
around the axis enables the body 553a to change its
position relative to the control shaft 315, and hence the

neutral position of the output adjusting member 314 can
be easily adjusted after assembling the HST.
[0117] In this embodiment, pressurized hydraulic fluid
from the charge pump unit 70 is thus used not only as
fluid replenished to the pair of charge lines 220, but also
as operating fluid for driving the output adjusting mem-
ber, and operating fluid for driving the hydraulic clutch
unit and the hydraulic brake unit in the PTO unit.
[0118] Now, the description will be made for a hydrau-
lic circuit, in which hydraulic pressurized fluid fed from
the auxiliary pump unit 80 is used as operating fluid.
[0119] The auxiliary pump casing 81 forms suction
line 251 with a first end opening to the outside and a
second end communicated with a suction port of the
auxiliary pump body 82, and discharge line 252 with a
first end communicated with a discharge port of the aux-
iliary pump body 82 and a second end opening to the
outside (see FIG. 8).
[0120] The first end of the suction line 251 is commu-
nicated via flexible conduit 260 such as a rubber tube
with auxiliary hydraulic fluid tank 280 secured on the ve-
hicle frame 10. The second end of the discharge line
252 is communicated via flexible conduit 261 such as a
rubber tube with power-steering hydraulic circuit 291
and/or outside-unit-driving hydraulic circuit 292.
[0121] The utilization of the flexible conduits 260, 261
as suction and discharge conduits of the auxiliary pump
unit 80 is due to the reason mentioned below.
[0122] That is, the auxiliary pump unit 80 is supported
by the vibratory unit constituted by the integral connec-
tion of the engine 20, the flywheel 60 and the HST. The
vibratory unit vibrates freely relative to the vehicle frame
10, as described above, and therefore the auxiliary
pump unit 80 also vibrates freely relative to the vehicle
frame 10.
[0123] On the other hand, the auxiliary hydraulic fluid
tank 280, as well as the power-steering hydraulic circuit
291 and/or the outside-unit-driving hydraulic circuit 292
are fixed so as not to vibrate relative to the vehicle frame
10. Accordingly, if the suction and discharge conduits of
the auxiliary pump unit 80 are formed from rigid con-
duits, there may cause twisting of the rigid conduits and
hence invite leakage of operating fluid. In light of this,
the flexible conduits 260, 261 are used as the suction
conduit and discharge conduit of the auxiliary pump unit
80.
[0124] Oil cooler 265 is placed in conduit 263, through
which return fluid from the power-steering hydraulic cir-
cuit 291 and/or the outside-unit-driving hydraulic circuit
292 flows. The oil cooler 265 has secondary conduit 263
which is a flexible conduit, and passes through the in-
side of the hydraulic fluid chamber 62b of the flywheel
housing 61 so as to cool operating fluid stored therein.
Operating fluid overflowing from the hydraulic fluid
chamber 62b is finally returned to the auxiliary hydraulic
fluid tank 280 via flexible conduit 264.
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Second Embodiment

[0125] Now, the description will be made for the sec-
ond embodiment of the present invention with reference
to the accompanied drawings. FIGS. 13-15 are respec-
tively schematic side view of working vehicle 1', a model
view of power transmission of the working vehicle, and
hydraulic circuit diagram of the same. In the following
description, corresponding or identical parts to those of
the first embodiment have been given the same refer-
ence characters or those with primes (') to omit a de-
tailed description thereof.
[0126] The working vehicle 1' of this embodiment is
different from the working vehicle 1 of the first embodi-
ment in the following points:

(i) The hydraulic pump and the hydraulic motor unit
are respectively supported on the side facing the
center section;
(ii) The charge pump unit is supported on the parti-
tion wall of the flywheel housing on the upstream
side of the hydraulic pump unit in the power trans-
mission direction;
(iii) The downstream end of the pump shaft in the
hydraulic pump unit is used as a PTO shaft;
(iv) The auxiliary pump unit is supported on the fixed
unit; and
(v) The hydraulic clutch unit and the hydraulic brake
unit, as well as the sub-speed-change unit are ac-
commodated within the transmission housing.

[0127] FIGS. 16 and 17 are respectively a plan view
in lateral cross section and a side view in longitudinal
cross section of HST 30' and its vicinity.
[0128] The HST 30' includes the hydraulic pump unit
310, the hydraulic motor unit 330, center section 350'
for supporting the hydraulic pump unit 310 and the hy-
draulic motor unit 330.
[0129] The center section 350' has first side 350a' fac-
ing upstream, which supports the hydraulic pump unit
310 thereon, and second side 350b' facing downstream,
which supports the hydraulic motor unit 330 thereon.
That is, in this embodiment, the hydraulic pump unit 310
and the hydraulic motor unit 330 are respectively sup-
ported on the first and second sides 350a', 350b' of the
center section 350', thereby allowing the pump shaft 311
and the pump shaft 311 to be positioned as close as
possible to each other, achieving further downsizing of
the HST.
[0130] The HST 30' is supported on flywheel housing
61' in a free state (i.e., without direct engagement) with
respect to the vehicle frame. That is, the HST 30', as
well as the engine 20 and the flywheel 60' are integrally
connected together so as to constitute a vibratory unit
that vibrates freely relative to the vehicle frame 10.
[0131] More specifically, the flywheel 60' in this em-
bodiment includes the flywheel housing 61', which has
tubular body 62' similar to the tubular body 62. The tu-

bular body 62' is so designed as to be connected with
the center section 350' with the hydraulic pump unit 310
and the hydraulic motor unit 330 supported thereon.
[0132] The flywheel housing 61' is further provided
with the cover 64', which encloses the hydraulic pump
unit 310, the hydraulic motor unit 330, and the center
section 350', in which the center section 350' is connect-
ed with the tubular body 62' while supporting thereon
the hydraulic pump unit 310 and the hydraulic motor unit
330.
[0133] That is, in this embodiment, partition wall 63 of
the tubular body 62' and the cover 64' together define
the hydraulic fluid chamber 62b. The flywheel housing
61' of this embodiment uses attaching bracket 50' which
has a length extending between the engine 20 and the
flywheel housing 61', since the longitudinal length of the
vehicle is elongated as compared with the first embod-
iment (see FIG. 18).
[0134] In this embodiment, charge pump unit 70' is
supported on the partition wall 63 so as to be positioned
within the dry chamber 62a. This arrangement allows
the pump shaft 311 and the motor shaft 331 to be posi-
tioned as close as possible to each other. That is, in this
embodiment, the hydraulic pump unit 310 and the hy-
draulic motor unit 330 are respectively supported on the
first and second sides 350a', 350b' of the center section
350' so as to achieve minimized the shaft distance be-
tween the pump shaft 311 and the motor shaft 331. In
the case of this arrangement, if the charge pump unit
70' is supported on the second side 350b' of the center
section 350 or the cover 64', the pump shaft 311 and the
motor shaft 331 must be spaced apart from each other
so as to prevent intervention between the charge pump
unit 70' and the motor shaft 331.
[0135] On the contrary, in this embodiment, the
charge pump unit 70' is supported on the partition wall
63 on the upstream side of the hydraulic pump unit 310,
so that no consideration to prevent intervention between
the charge pump unit 70' and the hydraulic motor unit
330 may be needed. Therefore, it is possible to achieve
minimized distance between the pump shaft 311 and the
motor shaft 331.
[0136] In this embodiment, the downstream end of the
pump shaft 311 is used as the PTO shaft, thereby
achieving simplified structure of the PTO unit 90.
[0137] That is, in this embodiment, as described
above, the charge pump unit 70' is not disposed on the
downstream end of the pump shaft 311, but on the up-
stream side of the hydraulic pump unit 310. Accordingly,
the thing to do for using the pump shaft 311 as the PTO
shaft is only to have the downstream end of the pump
shaft 311 extending downstream through the center
section 350' and the cover 64'.
[0138] As illustrated in FIG. 14, the downstream end
of the pump shaft 311 is operatively coupled with the
power transmission shaft 96 via the vibration-absorbing
shaft coupling 120. In this embodiment, PTO clutch unit
94' and PTO brake unit 95' are provided in the fixed unit.
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Specifically, the PTO clutch unit 94' and the PTO brake
unit 95' are disposed on the power transmission shaft
96 within transmission housing 41'.
[0139] In this embodiment, the auxiliary pump unit 80'
is disposed on the downstream side of the vibration-ab-
sorbing shaft coupling 120. That is, the auxiliary pump
unit 80' is supported by the fixed unit disposed with a
distance from the vibratory unit constituted by the en-
gine 20, the flywheel 60' and the HST 30' so as not to
vibrate relative to the vehicle frame.
[0140] Specifically, the auxiliary pump unit 80' in-
cludes auxiliary pump casing 81' secured to the trans-
mission housing 41', auxiliary pump body 82' enclosed
by the auxiliary pump casing 81', and a power transmis-
sion mechanism for providing constant connection be-
tween the auxiliary pump body 82' and the power trans-
mission shaft 96 located on the upstream side of the
PTO clutch unit 94'.
[0141] Now, the description will be made for the hy-
draulic circuit of the working vehicle of this embodiment
with reference to FIG. 15.
[0142] Pressurized hydraulic fluid from the charge
pump unit 70' is fed to the charge line 222 as charging
fluid, as well as fed to the servo line 240.
[0143] FIGS. 19-21 are respectively cross sections
taken along lines IXX-IXX to XXI-XXI in FIG. 16.
[0144] As illustrated in FIG. 19, the tubular body 62'
is connected with the suction filter 202, and forms the
first suction line 201 for communication between the hy-
draulic fluid chamber 62b and the suction port of the suc-
tion filter 202, and the second suction line 203 for com-
munication between the discharge port of the suction
filter 202 and the charge pump.
[0145] As illustrated in FIG. 20, the charge pump cas-
ing 71' of the charge pump 70' forms the third suction
line 205 for communication between the second suction
line 203 and the suction port of the charge pump body
72', and the first discharge line 206 with the first end
communicated with the discharge port of the charge
pump body 72'.
[0146] As illustrated in FIG. 16, the tubular body 62'
further forms the fourth discharge line 208 for commu-
nication between the first discharge line 206 and the
charge line 222 in the center section 350', and hydraulic
passage 242 branched from the fourth discharge line
208 and communicated with the input port 506c of the
servo valve 506.
[0147] As illustrated in FIG. 21, the center section 350'
forms a hydraulic passage in the same manner as the
center section 350 of the first embodiment.
[0148] Thus, in this embodiment, pressurized hydrau-
lic fluid from the charge pump unit 70' is used as replen-
ishing fluid to the pair of charge lines 220 and operating
fluid driving the servo valve 506.
[0149] On the other hand, as illustrated in FIG. 15,
pressurized hydraulic fluid from the auxiliary pump unit
80' is used as operating fluid for the hydraulic clutch of
the multi-speed mechanical transmission, as well as op-

erating fluid for the hydraulic clutch unit 94 and/or the
hydraulic brake unit 95 in the PTO unit, operating fluid
for the power steering and operating fluid for driving the
outside unit.
[0150] That is, as illustrated in FIGS. 15 and 16, in this
embodiment, multi-speed mechanical transmission 40'
serving as the sub-speed-change unit includes hydrau-
lic clutch units 49a'-49c' to change the speed by utilizing
a part of pressurized hydraulic fluid from the auxiliary
pump 80'.
[0151] In this embodiment, it is possible to achieve
cost reduction of conduit members in the auxiliary pump
unit, as well as producing the same desirable effects as
the first embodiment.
[0152] That is, the auxiliary pump unit 80' of this em-
bodiment is supported by the fixed unit disposed with a
distance from the vibratory unit constituted by the en-
gine 20, the flywheel 60' and the HST 30', and opera-
tively coupled with the pump shaft 311 of the fixed unit
via the vibration-absorbing shaft coupling 120. This ar-
rangement omits the necessity to form suction conduit
260' and discharge conduit 261' in the auxiliary pump
unit 80' by flexible conduits, enabling further cost reduc-
tion of the conduit members as compared with the first
embodiment. Also, durability of the conduits can be im-
proved thanks to non-transmission of vibrations from the
engine and/or the HST to the suction conduits, dis-
charge conduits or the like.

Claims

1. A transmission for a working vehicle for transmitting
drive power from an engine to a driving axle com-
prising:

a flywheel including a flywheel body operatively
connected with the engine and a flywheel hous-
ing for accommodating said flywheel body;
a main-speed-change unit including a main-in-
put shaft operatively connected with the engine
via the flywheel body and a main-output shaft
for outputting drive power to be transmitted to
the driving axle; and
a sub-speed-change unit including a sub-input
shaft and a sub-output shaft, and disposed with
a distance from the main-speed-change unit;
wherein
the engine, the flywheel and the main-speed-
change unit are integrally connected with each
other so as to vibrate freely relative to a vehicle
frame; and
the main-output shaft of the main-speed-
change unit is operatively coupled with the sub-
input shaft of the sub-speed-change unit via a
vibration-absorbing shaft coupling.

2. A transmission for a working vehicle according to
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claim 1, further comprising a damper interposed be-
tween the flywheel body and the main-input shaft.

3. A transmission for a working vehicle according to
any one of claims 1 and 2, wherein the main-input
shaft and the main-output shaft of the main-speed-
change unit are aligned parallel to each other in a
vehicle's vertical direction and offset to each other
in a vehicle's lateral direction.

4. A transmission for a working vehicle according to
any one of claims 1-3, wherein the main-speed-
change unit includes an output adjusting member
for adjusting the speed change ratio of the main-
output shaft with resect to the main-input shaft, and
the output adjusting member is operated by means
of electric signals.

5. A transmission for a working vehicle according to
any one of claims 1-4, wherein:

the flywheel housing includes a body portion
having an accommodation space and opposite
open ends, and a partition wall for dividing said
accommodation space into a first chamber for
accommodating the flywheel body and a sec-
ond chamber for accommodating the main-
speed-change unit; and
the flywheel body has a portion facing said par-
tition wall, on which an airflow fan is provided.

6. A transmission for a working vehicle for transmitting
drive power from an engine to a driving axle via a
flywheel, an HST and a sub-speed-change unit,
which are aligned in a power transmission direction,
wherein:

the flywheel includes a flywheel body opera-
tively connected with the engine and a flywheel
housing for accommodating said flywheel
body;
the HST includes a hydraulic pump unit having
a pump shaft serving as a main-input shaft op-
eratively connected with the engine via the fly-
wheel body, a hydraulic motor unit having a mo-
tor shaft serving as a main-output shaft and out-
putting drive power through said motor shaft
with the speed of the drive power non-stepwise-
ly changed in cooperation with the hydraulic
pump unit, and a center section for supporting
the hydraulic pump unit and the hydraulic motor
unit and provides fluid connection therebe-
tween;
the engine, the flywheel housing and the HST
are integrally connected with each other so as
to vibrate freely relative to a vehicle frame and
disposed with a distance from the sub-speed-
change unit;

the sub-speed-change unit includes a sub-in-
put shaft and a sub-output shaft; and
the motor shaft of the HST is operatively cou-
pled with the sub-input shaft of the sub-speed-
change unit via a vibration-absorbing shaft cou-
pling.

7. A transmission for a working vehicle according to
claim 6, wherein:

the flywheel housing includes a body portion
having an accommodation space and opposite
open ends, and a partition wall for dividing said
accommodation space into a dry chamber for
accommodating the flywheel body and a hy-
draulic fluid chamber for accommodating the
HST; and
the flywheel body has a portion facing said par-
tition wall, on which an airflow fan is provided.

8. A transmission for a working vehicle according to
claim 7, wherein one of the opposite open ends of
the flywheel housing, which is located closer to the
hydraulic fluid chamber, is covered by the center
section.

9. A transmission for a working vehicle according to
any one of claims 7 and 8, wherein:

the hydraulic pump unit and the hydraulic motor
unit are supported on an upstream side of the
center section;
the pump shaft of the hydraulic pump unit has
a downstream end extending downstream
through a downstream side of the center sec-
tion; and
the downstream end of the pump shaft is pro-
vided with a charge pump for replenishing op-
erating fluid in the HST.

10. A transmission for a working vehicle according to
claim 9, wherein the downstream end of the pump
shaft is further provided with an auxiliary pump for
feeding operating fluid to an outside actuator.

11. A transmission for a working vehicle according to
any one of claims 7 and 8, wherein:

the hydraulic pump unit and the hydraulic motor
unit are respectively supported on upstream
and downstream sides of the center section;
and
the upstream end of the pump shaft in the hy-
draulic pump unit has a portion located in the
dry chamber, said portion being provided with
a charge pump for replenishing operating fluid
in the HST.
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12. A transmission for a working vehicle according to
claim 11, wherein:

a downstream end of the pump shaft extends
downstream through the center section; and
a housing for accommodating the sub-speed-
change unit is further provided, said housing in-
cluding a power transmission shaft operatively
coupled with the downstream end of the pump
shaft via a vibration-absorbing shaft coupling,
and an auxiliary pump for feeding operating flu-
id to an outside actuator, which is driven by
drive power branched from said power trans-
mission shaft.

13. A transmission for a working vehicle according to
any one of claims 1-6, wherein the flywheel housing
includes a PTO shaft, to which drive power from the
engine is selectively transmitted by engagement
and disengagement of clutch means.

14. A transmission for a working vehicle according to
claim 13, wherein the main-output shaft and the
PTO shaft are aligned parallel to each other in a ve-
hicle's lateral direction.

15. A vehicle with a power transmission train for trans-
mitting drive power from an engine, which is dis-
posed on a vehicle frame closer to a first side there-
of in a fore and aft direction of the vehicle, to a driv-
ing axle via a main-speed-change unit and a sub-
speed-change unit: wherein

the main-speed-change unit is integrally dis-
posed with a flywheel housing that is connected
with a downstream side of an engine;

the sub-speed-change unit is disposed on the
vehicle frame closer to a second side thereof in the
fore and aft direction of the vehicle with a distance
from said flywheel housing; and

the main-speed-change unit is operatively
coupled with the sub-speed-change unit via a cou-
pling shaft that extends in the fore and aft direction
of the vehicle.

16. A vehicle according to claim 15, wherein the fly-
wheel housing includes a body portion having an
accommodation space and opposite open ends,
and a partition wall for dividing said accommodation
space into a first chamber and a second chamber,
the former located closer to the first side of the fore
and aft direction of the vehicle, and the latter located
closer to the second side of the fore and aft direction
of the vehicle, in which the first chamber accommo-
dates a flywheel body of the flywheel and the sec-
ond chamber accommodates the main-speed-
change unit.

17. A vehicle according to claim 16, wherein the fly-

wheel body has a portion facing said partition wall,
on which an airflow fan is provided.

18. A vehicle according to any one of claims 15-17,
wherein

the engine, the flywheel and the main-speed-
change unit are mounted on the vehicle frame so
as to vibrate relative to the vehicle frame, and the
sub-speed-change unit is mounted on the vehicle
frame so as not to vibrate relative to the vehicle
frame; and

the main-speed-change unit is operatively
coupled with the sub-speed-change unit via a vibra-
tion-absorbing shaft coupling.

19. A vehicle with a power transmission train for trans-
mitting drive power from an engine, which is dis-
posed on a vehicle frame closer to a first side there-
of in a fore and aft direction of the vehicle, to a driv-
ing axle via a flywheel, an HST and a sub-speed-
change unit: wherein

the flywheel housing includes a flywheel body
operatively connected with the engine and a fly-
wheel housing connected with a side of the engine
facing a second side of the vehicle frame in the fore
and aft direction of the vehicle so as to accommo-
date said flywheel body;

the HST is integrally disposed with the fly-
wheel housing;

the sub-speed-change unit is disposed on the
vehicle frame closer to the second side in the fore
and aft direction of the vehicle with a distance from
the flywheel housing; and

the HST is operatively coupled with the sub-
speed-change unit via a coupling shaft that extends
in the fore and aft direction of the vehicle.

20. A vehicle according to claim 19, wherein:

the engine, the flywheel and the HST are
mounted on the vehicle frame so as to vibrate
relative to the vehicle frame, and the sub-
speed-change unit is mounted on the vehicle
frame so as not to vibrate relative to the vehicle
frame; and
the HST is operatively coupled with the sub-
speed-change unit via a vibration-absorbing
shaft coupling.

21. A vehicle according to any one of claims 15-20,
wherein the flywheel housing is provided with a PTO
shaft capable of transmitting drive power from the
engine to the outside of said flywheel housing via
clutch means.

27 28



EP 1 302 355 A2

16



EP 1 302 355 A2

17



EP 1 302 355 A2

18



EP 1 302 355 A2

19



EP 1 302 355 A2

20



EP 1 302 355 A2

21



EP 1 302 355 A2

22



EP 1 302 355 A2

23



EP 1 302 355 A2

24



EP 1 302 355 A2

25



EP 1 302 355 A2

26



EP 1 302 355 A2

27



EP 1 302 355 A2

28



EP 1 302 355 A2

29



EP 1 302 355 A2

30



EP 1 302 355 A2

31



EP 1 302 355 A2

32



EP 1 302 355 A2

33



EP 1 302 355 A2

34



EP 1 302 355 A2

35



EP 1 302 355 A2

36



EP 1 302 355 A2

37


	bibliography
	description
	claims
	drawings

